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Abstract 
Islands are attractive places for tourists and most islands can be, sooner or later, 
requested by an increasing tourist demand. But islands are also places where natural 
capital has very defined limits. The aim of this paper is to assess the carrying capacity 
of islands in terms of water in relation to the tourist demand. We use an Input-Output 
Table Model and expand it to include the use of water by the different sectors and by 
the households. The model is estimated for Terceira island in the Azores using cross 
entropy methods. The structure of the model is obtained from the Input-Output Table of 
the Region. The data to estimate the model comes from the employment and production 
of the companies in each island and from the respective water demand and supply. We 
simulate the model for different levels of water demand and discuss the competitiveness 
of the islands' tourist sector and sustainability. 1.  Introduction 
Many islands are either consuming or are expected to consume more water than their 
annual renewable supply. This is due, on the one hand, to high economic growth rates 
associated with tourism development and, on the other hand, to strongly limited water 
resources. Usually, new sources of water are exploited to cope with the increasing 
demand, namely through ground water wheels, desalination and water reutilization 
(Zachalrias & Koussouris, 2000; Voivontasa et. al., 2003). However, this poses new 
problems to tourism competitiveness, to water pollution and to the islands sustainable 
development (Gossling, 2001; Kent, 2002; Stubbs and Carpenter, 2003). 
Looking at Graphs 1 and 2, estimated for Terceira Island, it is clear that water 
renewable supply provided by precipitation is quite constant along the years (Graph 1) 
whereas water demand is increasing sharply (Graph 2). 





























Graph 1: Precipitation per month in Terceira Island (Source: Instituto Metereológico) 










































Graph 2: Evolution of Water Demand in Terceira Island (Source: Instituto da Água) 
The aim of this paper is to examine the relationships between water demand and water 
supply in Terceira island, both of them with strong seasonality. Assuming that exports are the main drivers of small economies, we try to explain the annual variations of water 
demand based on an Input-Output model for the island and on the changes of the basic 
sectors composed by public external support, agricultural exports and tourism. On the 
other hand, precipitation associated with land cover is the main factor that influences the 
supply of natural renewable water. 
The study of water using input– output tables has been done already (Velasquez, 2006). 
What seems to be new is the use of Input Output Tables to analyse seasonal effects of 
the economy on water demand suitable to be related to with the seasonal effects of 
water supply. This is the approach taken in this paper. 
2.  Methodological Approach 
 
Figure 1: Methodological Approach 
The scheme in Figure 1 explains the approach taken: 
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-  First, we estimate the relation between economic activity and monthly water 
requirements for water supply sectors such as agriculture and water sector (3), 
using Input-Output Tables for Terceira island (1) and the monthly variation of 
basic activities such as tourism, dairy production and public support in the island 
(2).  
-  Second, we evaluate the water demand (6), based on urban consumptions (5) 
and estimated agricultural uses (4) and also estimate the water supply based of 
hydrological data (10). -  Third, we calibrate the relative weights for water supply sectors (7) to adjust the 
monthly requirements for water supply (3) with the monthly estimation of water 
demand (6), and define a relation between the seasonal evolution of the 
economy and the variations of water demand (9),. 
-  Fourth, we analyse the sustainability of the system (11) through the comparison 
with the water demand (9) with water supply (10). 
3.  Data and Results 
3.1. Relation between economic activity and water requirements. 
In this point we estimate the relations between the economic activity and the water 
requirements for water supply sectors, such as agriculture and water sector. We start to 
estimate the Input-Output Tables for Terceira island. Then we pick up the monthly 
variation of basic activities such as tourism, dairy production and public support. 
Finally we obtain the seasonal variation of the water supply sectors (Agriculture and 
Public Water Supply). 
The Input-Output Table for Terceira Island 
The Input-Output Table (IOT) for Terceira Island was estimated by a method that 
maximizes the use of all available data (Ferreira, 2005). It’s a hybrid method composed 
by two distinct steps: margins estimation and intersectoral flows estimation. 
Sector Multiplier Sector Multiplier Sector Multiplier 
1  3.11  16  2.24  31  2.75 
2  3.54  17  1.87  32  3.49 
3  3.44  18  1.03  33  3.40 
4  2.50  19  1.02  34  2.99 
5  3.03  20  1.03  35  1.87 
6  3.24  21  1.08  36  1.02 
7  3.02  22  3.74  37  2.88 
8  2.95  23  3.47  38  2.68 
9  1.77  24  3.43  39  1.93 
10  1.23  25  3.22  40  2.44 
11  3.41  26  3.44  41  3.31 
12  1.59  27  3.40  42  3.31 
13  1.00  28  3.45  43  3.28 
14  1.08  29  3.26  44  3.29 
15  1.13  30  5.22  45  3.26 
 Families  3.44 
Table 1: Production Multipliers of input-output model with endogenized consumption 
The margins of the matrix were split in as much components as possible and each one 
was estimated separately. Some of these components were estimated with the bottom-up 
philosophy, whenever the available data on employment and production permitted. 
Other components were estimated by indirect methods or top-down. There is a special 
margin component, which is the intra-island trade. Since there were no available data, these estimates were obtained with the cross-industry location quotients (Elliott et. 
al.,1994) 
The estimates for the intersectoral flows had to take into account that the archipelago is 
very heterogeneous because São Miguel Island represents more than 50% of the 
economy. Therefore we first extract São Miguel from the Regional IO Tables, and then 
we use the structure from the rest of the Azores as the basic structure to determine the 
IO Tables for Terceira Island using a cross-entropy techniques (Mesnard et. al., 2004; 
Herrero et al.,2002). Based on Eurostat methodologies (Eurostat, 2002) we endogenize 
the final consumption in order to obtain the total effects on the island economy from the 
variations of the basic sectors. Table 1 presents the Production Multipliers for the 45 
sectors considered and also for the endogenized consumption sector, named as 
“Families”. 
The variation of the basic activities 
The next step is to pick up the data from the evolution of the basic activities and to 
estimate the evolution of the production for the sectors that use directly the water: 
agriculture and public water supply. 
























































Graph 3: Nights Spent in Terceira Island Hotels (Source: SREA) 
As we can see from Graphs 3, 4 and 5 both tourism and dairy are very seasonal. 
Tourism has a peak in August and Dairy has another peak in May. Therefore it is 
expectable the production of each one of the sectors related to water supply would have 

































































Graph 4: Milk produced in Terceira Island (Source: SREA) 







































Graph 5: External public transferences for Terceira Island (Source: DREPA and UAC) 
Actually there is some seasonality in the production of the public water supply and a 
strong one associated with the agricultural sector. 























Agriculture Output Pub. Water Supply  
Graph 6: Monthly Output per Water Supply Sectors (Agriculture and Public Water Supply) 
3.2. Evaluation of water demand and supply. 
The evaluation of the water demand for Terceira Island is done both for the urban 
sectors and for agriculture. For the urban water demand we use actual data from the 
public water services of the two existing municipalities (Angra do Heroísmo e Praia da 
Vitória). For the water demand of the agricultural sector, we use technical coefficients 
for water consumption on bovine cattle. We do so due to the lack of information on the agricultural use of public fountains. The use technical coefficients relate the type of 
animals with a capitation of water per day, making relatively easy to obtain a total 
amount of water consumption for the dairy farming, considering the availability of 
information on the number of animals and their type. Notice that the number of animals 
vary along the year and irrigation practices are insignificant in Terceira Island (Graph 
7). 
The evaluation of the potential water supply for Terceira Island is achieved taking into 
consideration the monthly flows coming out from the springs of the island. Many of the 
existing springs supply have measuring devices that register their flow, and the others 
despite the lack of such detailed data, have information regarding their flows, usually a 
Winter flow value and a Summer value. Taking into consideration the small dimension 
of the island, we use the distribution of the springs with monthly values as a reference 
for the other, thus we obtained an evaluation of Terceira Island water supply (Graph 7). 

























Graph 7: Terceira Island Monthly Water Supply and Demand 
From the analysis of Graph 7 it is possible to see that there is a period of water shortage 
from August until October where the supply of water must recruit the input from ground 
water. 
3.3. Adjustment of water demand to economic activity. 
The question now is how to relate the water demand with the economic activity. We do 
that through the calibration of the relative weights for water supply sectors (Graph 6), to 
adjust these monthly requirements for water supply with the monthly estimation of 
water demand (Graph 7), and define a relation between the seasonal evolution of the 
economy and the variations of water demand (Graph 10). 
Two previous adjustments are made. The first is done to relate the production for each 
one of the water supply sectors with the water demand. For this we multiply the series 
of Graph 6 by the ratios of Annual Output of Water Supply Sector to the associated annual water consumption. The second adjustment is a made to phase the two series. 
Actually, since the peak of the water supply sectors is tree months in advance of the 
peak in the water demand we shift the variation of the economy for three months later. 
This can be accepted since the multiplier effects implicit in the Input-Output Tables 
takes around three months to develop. Finally the weight between the two economic 
derived series is calibrated in order to minimize the sum of the square errors between 
water demand in (Graph 6) and water demand associated with the economic model. 
























Water demand Estimated Water Demand  
Graph 8: Adjustment of Water Demand Estimates  
3.4. Analysis of the System Sustainability. 
The Azores islands have high precipitation. The reason why there can be problems of 
water quantity is due to the fact that the islands are relatively small and the capacity to 
keep water is not great.  
























Future Estimated Demand Present Estimated Demand Supply  
Graph 9: Water demand and water availability for two scenarios 
In Graph 9 it is shown that an increase of 50% percent of the tourism flow, similar to 
the one that occurred in São Miguel Island from 2002 until 2006 due to the introduction of charter flights, will increase the months with water shortage from three to five. The 
shortage can be even worse since the water consumption per tourist is around 375 l/day, 
which compared to the normal assumed consumption per inhabitant (80 l/day to 150 
l/day) (Plano Regional da Água, 2001). 
4) Conclusion 
Tourism has become one of the main export activities of the Azorean islands, promoting 
and diversifying an economy strongly dependent on external public transferences and 
on the dairy exports, and stimulating a greater appreciation for the natural environment. 
But not all is good news, since tourism is also responsible for a greater use of some of 
the natural resources of the island, mainly water. In this paper we try to illustrate this 
situation showing how a raise in tourism can lead to an increase shortage of spring 
water from three to five months. 
We also show how to disaggregate Regional Input-Output models into suitable zone for 
environmental analysis, such as islands, and how to use these tools to study the seasonal 
variations of water demand and water availability. In future works we intend to include 
different sources of water - surface water, ground water, sea water - and their respective 
costs, in order to assess the benefits, costs and risks associated with the tourist 
development in small islands with limited water resources. 
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